Supporting the Delivery of Total Knee Replacements Care for Both Patients and Their Clinicians With a Mobile App and Web-Based Tool: Randomized Controlled Trial Protocol by Hussain, M S et al.
Protocol
Supporting the Delivery of Total Knee Replacements Care for
Both Patients and Their Clinicians With a Mobile App and
Web-Based Tool: Randomized Controlled Trial Protocol
M Sazzad Hussain1, PhD; Jane Li1, PhD; Emily Brindal2, PhD; Yasmin van Kasteren3, PhD; Marlien Varnfield4, PhD;
Andrew Reeson5, PhD; Shlomo Berkovsky6, PhD; Jill Freyne1, PhD
1Health and Biosecurity, Commonwealth Scientific and Industrial Research Organization, Epping, NSW, Australia
2Health and Biosecurity, Commonwealth Scientific and Industrial Research Organization, Adelaide, SA, Australia
3Flinders Digital Health Research Centre, Flinders University, Adelaide, SA, Australia
4Australian e-Health Research Centre, Commonwealth Scientific and Industrial Research Organization, Herston, QLD, Australia
5Data61, Commonwealth Scientific and Industrial Research Organization, Acton, ACT, Australia
6Data61, Commonwealth Scientific and Industrial Research Organization, Sydney, NSW, Australia
Corresponding Author:
M Sazzad Hussain, PhD
Health and Biosecurity
Commonwealth Scientific and Industrial Research Organization
GPO Box 76
Epping, NSW, 1710
Australia
Phone: 61 2 9372 4177
Fax: 61 2 9372 4106
Email: sazzad.hussain@csiro.au
Abstract
Background: Total knee replacement (TKR) surgeries have increased in recent years. Exercise programs and other interventions
following surgery can facilitate the recovery process. With limited clinician contact time, patients with TKR have a substantial
burden of self-management and limited communication with their care team, thus often fail to implement an effective rehabilitation
plan.
Objective: We have developed a digital orthopedic rehabilitation platform that comprises a mobile phone app, wearable activity
tracker, and clinical Web portal in order to engage patients with self-management tasks for surgical preparation and recovery,
thus addressing the challenges of adherence to and completion of TKR rehabilitation. The study will determine the efficacy of
the TKR platform in delivering information and assistance to patients in their preparation and recovery from TKR surgery and a
Web portal for clinician care teams (ie, surgeons and physiotherapists) to remotely support and monitor patient progress.
Methods: The study will evaluate the TKR platform through a randomized controlled trial conducted at multiple sites (N=5)
in a number of states in Australia with 320 patients undergoing TKR surgery; the trial will run for 13 months for each patient.
Participants will be randomized to either a control group or an intervention group, both receiving usual care as provided by their
hospital. The intervention group will receive the app and wearable activity tracker. Participants will be assessed at 4 different
time points: 4 weeks before surgery, immediately before surgery, 12 weeks after surgery, and 52 weeks after surgery. The primary
outcome measure is the Oxford Knee Score. Secondary outcome measures include quality of life (Short-Form Health Survey);
depression, anxiety, and stress (Depression, Anxiety, and Stress Scales); self-motivation; self-determination; self-efficacy; and
the level of satisfaction with the knee surgery and care delivery. The study will also collect quantitative usage data related to all
components (app, activity tracker, and Web portal) of the TKR platform and qualitative data on the perceptions of the platform
as a tool for patients, carers, and clinicians. Finally, an economic evaluation of the impact of the platform will be conducted.
Results: Development of the TKR platform has been completed and deployed for trial. The research protocol is approved by 2
human research ethics committees in Australia. A total of 5 hospitals in Australia (2 in New South Wales, 2 in Queensland, and
1 in South Australia) are expected to participate in the trial.
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Conclusions: The TKR platform is designed to provide flexibility in care delivery and increased engagement with rehabilitation
services. This trial will investigate the clinical and behavioral efficacy of the app and impact of the TKR platform in terms of
service satisfaction, acceptance, and economic benefits of the provision of digital services.
Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR) ACTRN12616000504415;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=370536 (Archived by WebCite at
http://www.webcitation.org/6oKES0Gp1)
(JMIR Res Protoc 2017;6(3):e32)   doi:10.2196/resprot.6498
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Introduction
Overview
Rates of total knee replacement (TKR) procedures have been
rising steadily worldwide in recent years [1]. There has been
an 80% increase in TKR procedures in Australia since 2003
[1-3], with increasing incidence and prevalence likely to
continue due to factors such as the aging population, an increase
in obesity and joint injury, and expectations of a continued
physically active lifestyle, as well as higher demand for surgery
at a younger age [1,4,5]. The mean age of TKR patients in
Australia is 69 years; however, the demand for the surgery in
the younger population (less than 65 years) has been increasing
and is expected to double in the next decade [3,6-8].
Research has shown that a number of interventions prior to TKR
surgery can improve outcomes or patient’s satisfaction [9,10].
Physiotherapy undertaken before TKR is effective in improving
postoperative outcomes [10]. Quadriceps muscle stretching and
upper body exercises before the procedure allow patients to be
prepared for the postoperative condition and rehabilitation
physiotherapy program [10]. Managing patient expectation prior
to surgery has been shown to benefit the rehabilitation process
and is an important predictor of postoperative outcomes [11,12].
To prepare patients for their TKR surgery and hospital stay,
preoperative education may offer advantages for some patients
when stratified according to their physical, psychological, and
social conditions [13]. Moreover, interventions that help reduce
comorbidities and obesity prior to surgery can have
postoperative impact, such as improved recovery and reduced
chances of adverse events [2].
Most TKR patients experience pain, joint stiffness, insufficient
muscle strength, and limited physical activity after surgery [14].
Early mobility following surgery has been shown to improve
functional mobility and prevent deep vein thrombosis [2,15].
Studies have shown that postoperative rehabilitation can improve
short-term outcomes (3-4 months) with no significant difference
between different types of treatment, however the benefits of
longer term rehabilitation (4-12 months) are limited [16,17].
Postoperative physiotherapy (6-8 weeks) is common practice
in Australia [1], but adherence to physiotherapy programs can
be low. Adherence can be low because of pain during exercise
and low levels of activity prior to surgery but also because of
social and psychological issues such as low self-efficacy,
depression, anxiety, and poor social support [18].
Clinicians require information from their patients for diagnosis
and monitoring recovery. Many of these indicators are
self-reported by the patients, such as completion of
physiotherapy, functionality, pain, and sleep quality. Another
key measure of progress used by physiotherapists and surgeons
is range of motion (ROM), a measure of the flexibility of the
knee joint [16].
We are looking at ways to motivate and assist patients to
complete rehabilitation programs to realize proven benefits and
improve TKR surgery outcomes. We propose a solution in the
form of a digital orthopedic rehabilitation platform aimed at
supporting patients and their clinicians across phases of TKR,
from expectation management when considering TKR surgery
right through to patient recovery and rehabilitation.
Our TKR platform comprises a mobile phone app used daily in
conjunction with a wrist-worn activity tracker and a clinical
Web portal. The aim is to address the challenges of engaging
patients with information and physical exercise through
self-managed tasks delivered via the app in surgical preparation
and recovery and to bridge the communication gap between
clinicians and patients via the clinical Web portal. The app is
designed to assist patients in achieving meaningful behavior
change around uptake, adherence, and completion of
rehabilitation programs, along with meaningful education,
self-monitoring, and behavior coaching through rich media
content.
This paper introduces the TKR platform and details the research
protocol of a study to determine the efficacy and associated
impact of the platform in assisting patients in their preparation
for and recovery from the TKR surgery. An Australian multisite
(N=5) randomized controlled trial (RCT) will be conducted for
this purpose. The duration of the study is expected to be 24
months, which includes in-hospital setup and staff training,
participant recruitment, intervention delivery, and data analysis.
The trial will run for 13 months for each patient.
Total Knee Replacement Platform Technology
The design and functionality of the TKR platform have been
informed through a user needs analysis. The user needs analysis
(paper forthcoming) included interviews and focus groups with
patients (n=11), general practitioners (n=8), orthopedic surgeons
(n=12), and physiotherapists (n=3). The results of the analysis
from the qualitative data clearly identified different stages of
the TKR journey, each with different needs and priorities, which
has informed the design of our platform technology for TKR.
The qualitative data was used to refine features and
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functionalities of the platform, which comprises a patient facing
app and activity tracker and a clinical Web portal for use by
clinical care teams.
The information delivered via the app been scientifically
validated and all exercise videos were created in conjunction
with expert physiotherapists working with TKR patients.
In order to foster motivation, the purpose-built app for iOS and
Android devices includes weekly psychoeducation sessions and
tasks that are delivered by a program guide via text and voice
recordings. This content is also reinforced through tasks (eg,
goal-setting) that the user can complete outside of the app (eg,
on paper). This motivational content was developed using
self-determination theory [19] and included techniques designed
to foster positive emotions [20]. Tools to assist in behavior
change in the app use commonly identified behavior change
techniques, such as self-monitoring, goal setting and reviewing,
and rewarding/recognizing achievements that appear in various
behavioral models which can be broadly encompassed by social
cognitive theory [21,22].
The clinical Web portal is designed for clinicians to monitor
patient progress and configure physiotherapy programs. Patient
data, gathered by the app, is transmitted to the portal for review
by members of a patient care team. Physiotherapy programs for
each patient are configured from a library of videos typically
used for TKR rehabilitation. Once set, programs are available
to patients in their app. Figure 1 provides sample screenshots
of the TKR platform.
Figure 1. Total knee replacement platform. Left: app used daily in conjunction with a wrist-worn activity tracker. Right: clinical Web portal.
Methods
Overview and Aims
Data will be collected as part of a 13-month (for each
participant), multisite unblinded RCT where participants are
assigned to 1 of 2 study groups (1:1 allocation ratio). Both
groups will undergo TKR surgery and be offered usual care and
guidance from their surgeon and nominated health care team.
In addition, the intervention group will receive the TKR app
and a Garmin Vivosmart HR activity tracker. Patient participants
will be scheduled for TKR surgery and managed through a
project officer (PO), typically a member of the clinical team.
Participants in the intervention group will be provided with
instruction from the site PO in regard to using the technology.
The aims of the study are as follows:
• To determine the efficacy of the TKR platform in delivering
clinical and behavioral outcomes by specifically evaluating
group differences
• To understand the impact of the TKR platform components
and level of satisfaction with surgery and the care delivery
• To evaluate economic benefits
The study includes an active intervention period commencing
when the patient is scheduled for surgery (approximately 4
weeks before surgery) and ending when the patient is 12 weeks
postoperative. This is followed by a 40-week free-living period,
finishing 1 year after surgery. Paper-based questionnaires will
be completed by participants and the PO will be responsible for
collecting responses from participants at 4 time points as
illustrated in Figure 2.
All access to data will be controlled by authentication and
authorization protocols designed to ensure the data is protected
and only accessible by authorized persons. All information
identifying the participants will be de-identified by a member
of research team.
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Figure 2. Study design: outcome measures, procedure, and timeline.
Participants
Recruitment
Patients scheduled for TKR surgery at trial sites will be screened
by surgeons for clinical eligibility. Those who meet eligibility
requirements will be informed of the study by the site PO and
screened for technical eligibility (eg, access to iPhone/iPad,
smartphone/tablet, Internet access). Recruitment will be
conducted by the PO and coordinated by the Clinical Trial
Coordinator (CTC). Figure 3 summarizes the processes involved
in the recruitment and enrollment of patients, trial data
collection, and data administration.
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Figure 3. Process and workflow: patient recruitment, enrollment, trial data collection, and data administration.
Selection Criteria
Patients meeting the criteria as evaluated by the operating
surgeon will be approached for recruitment by the PO. Inclusion
criteria include:
• patients aged between 50 and 80 years
• suffering osteoarthritis as the principle diagnosis and reason
for TKR
• scheduled to undergoing unilateral knee replacement (using
commercial partner prosthesis) for the first time on one of
the knees
• sufficiently healthy to not be adversely affected by
participation in the trial
• deemed suitable candidates for physiotherapy both pre- and
postsurgery
• have access to a smartphone/tablet (iOS or a leading
Android-based device) with Internet connection via mobile
Internet data or Wi-Fi connection
• willing to participate in the study and to have assessments
on 4 occasions in line with scheduled appointments with
their clinicians
• be sufficiently proficient in the English language to not be
affected by participation in the trial
Exclusion criteria include:
• bilateral knee replacement
• previous unicompartmental replacement or tibial osteotomy
on the same knee or previous lower extremity joint
replacement surgery within the last 6 months
• major neurologic conditions or cognitive impairment that
may result in inability to interact with the smartphone app
• uncontrolled diabetes, heart disease, or other medical
conditions indicating participation in TKR is nonstandard
Based on the age criteria, surgeons will determine health-related
eligibility of patients as well as assessing patient’s neurological
condition using standard clinical practice.
Randomization
Procedure
Eligible participants at each site will be randomized to 1 of the
2 treatment groups by a member of the research team. A simple
randomization allocation technique in blocks of 10 using a
randomization table generated by computer software will be
used. Each site will have an intervention (ie, TKR platform)
and a control group.
Participants will be randomized according to individual trial
sites because usual care at each hospital (ie, trial site) will differ.
Some hospitals offer presurgery education, others use online
resources, and some offer daily outpatient rehabilitation classes
or facilities such as hydrotherapy pools and gymnasiums. Other
hospitals discharge patients to the community where they can
privately engage services.
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Intervention: Total Knee Replacement Platform
In stage 1, perioperative (typically 4 weeks before surgery)
participants, upon receiving surgery date, will be provided with
the TKR mobile app and a Garmin Vivosmart HR activity
tracker at no cost. In stage 2, recovery (weeks 1-12 after surgery)
participants will continue to use the TKR app and the activity
tracker. Participants are expected to use the app daily and wear
the activity tracker continuously (including while sleeping) for
16 weeks. Participants will continue to receive any
prehabilitation and rehabilitation management as recommended
by their surgeon, physiotherapist, or as provided by their
hospital.
Control: Usual Care
Participants in the control group will receive the usual inpatient
and outpatient prehabilitation and rehabilitation services as
recommended by their surgeon, physiotherapist, or as provided
by their hospital.
Outcome Measures
Overview
Basic demographic data and a brief history of medical/health
conditions will be taken at baseline. PO will be responsible for
collecting responses from participants, either face-to-face at the
clinic or received by post. OpenClinica (www.openclinica.com)
will be used to store digital copies of responses from
self-reported questionnaires, which include validated and trial
specific questionnaires. The patient diaries and audit questions
for health care providers will inform the economic outcomes
for this study. Patient diaries will be documented online using
SurveyGizmo (www.surveygizmo.com).
Interviews will be conducted with a selected number of patients,
their carers, and clinicians in order to capture outcomes related
to the TKR platform technology with regard to service delivery
satisfaction and usability. Table 1 summarizes the outcome
measures, the data collection tools and procedures, and the time
points. The remainder of this section details the various outcome
measures.
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Table 1. Outcome measures, data collection tools and procedures, and timeline.
Time points (weeks)Measurement tool/procedure/
data collection
Outcome
52120Baseline
Patient self-report
xxxxOKSaKnee
xxxxSF-36bQuality of life
xxxxDASS21cDepression, anxiety, stress
xTrial specific questionnaireClinical satisfaction
xxTrial specific questionnaireService delivery satisfaction
xTrial specific questionnaireTechnical satisfaction
xSMIdSelf-motivation
xSDQeSelf-determination
xxxxSESfSelf-efficacy
xPatient diaryEconomic
By clinicians or project
officer
xxhxxGoniometerROMg
Structured interviews
xService satisfaction (patients,
carers, clinicians)
xTechnical/usability (patients,
carers, clinicians)
Audit
xTrial specific questionnaireHealth care provider audit
aOKS: Oxford Knee Score.
bSF-36: Short-Form Health Survey.
cDASS21: Depression, Anxiety, and Stress Scale.
dSMI: Self-Motivation Inventory.
eSDQ: Self-Determination Questionnaire.
fSES: Self-Efficacy Scale.
gROM: range of motion.
hAt 6 weeks.
Primary Outcome
The primary outcome measure is self-reported knee pain and
function as measured by the Oxford Knee Score (OKS) [23].
The OKS is 12-item questionnaire with 5 items for assessing
pain and 7 for assessing function, each with 5 categories of
response. Each item is scored from 1 to 5, from least to most
difficulty or severity. A single combined score ranges from 12
(ie, least difficult) to 60 (ie, most difficult), and a lower score
indicates a better outcome. The OKS has been developed and
validated to specifically assess function and pain after TKR and
is widely used by clinicians.
Secondary Outcomes
The secondary outcomes include:
• Quality of life (RAND 36 Item Short-Form Health Survey
[SF-36]): SF-36 is a 36-item questionnaire that will be used
for constructing summary scores of physical and mental
components [24]. The questionnaire assesses 8 domains of
wellness through subscales including body pain, physical
function, general health, mental health, social functioning,
and emotional role. The SF-36 is a popular instrument in
the knee domain to measure generic quality of life [25].
• Knee range of motion (ROM): A long-arm goniometer will
be used for measuring the knee ROM (flexion and
extension) [26]. The goniometer axis will be positioned
over the lateral knee joint area and the arms will be aligned
with the lateral malleolus using the greater trochanter. The
active knee flexion will be measured in the sitting position
and the active knee extension will be measured in the long
sitting or supine position. ROM as part of week 12 will be
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collected during the patients’ follow-up clinical visit,
typically 6 weeks following surgery.
• The Depression, Anxiety and Stress Scale (DASS21) will
be used to measure mental well-being. This is a 21-item
questionnaire using a 4-point Likert scale with 7 items per
condition (depression, anxiety, stress) [27]. Each item has
equal weighting (0 to 3) and a higher score indicates greater
symptoms. While SF-36 covers general mental health
(psychological distress and psychological well-being),
DASS21 is specifically designed to measure negative
emotional states and severity of feelings related to
depression, anxiety, and stress and has proven to be
sensitive to patients’ response to treatment.
• Satisfaction with knee surgery and service delivery
(prehabilitation, rehabilitation) and the use of technology
(eg, app and wearable) will be measured with questionnaires
developed by the Commonwealth Scientific and Industrial
Research Organization (CSIRO) using a 5-point Likert
scale. The questionnaires are designed to capture surgical
results, surgical recommendations, interaction with
clinicians, empowerment experience, observability, and
overall satisfaction with the service delivery. The technical
satisfaction questionnaire will capture complexity,
compatibility factors, and experience with the app and the
wearable.
• Self-motivation will be captured using a validated 40-item
scale [28] called the Self-Motivation Inventory (SMI). It
has been used previously to assess rehabilitation outcomes
for anterior cruciate ligament reconstruction [29]. The scale
captures 10 areas of self-motivation and could be a critical
predictor of adherence to a rehabilitation program.
Therefore, we will be capturing this to control for any
confounding effects that this may have on the experimental
conditions.
• Self-determination will be captured using a 4-item
questionnaire in order to assess whether the intervention
group has higher levels of autonomous and/or intrinsic
motivation after the presurgery phase (ie, week 0). In line
with methods of Sheldon and Kasser [30], participants will
be asked to rate 4 reasons for pursuing the goal of successful
rehabilitation according to how much each describes their
reason for having this goal. These reasons cover the
proposed spectrum of possible motivations from external
to introjected to autonomous to intrinsic, all derived from
self-determination theory. All responses are rated from 1
(not at all because of this reason) to 9 (completely because
of this reason).
• Self-efficacy to perform rehabilitation activities is a critical
predictor of rehabilitation success. It describes a person’s
confidence in their ability to perform certain behavior in
the face of challenges. In order to capture changes in
self-efficacy, we will be using an adapted version of a
physical activity Self-Efficacy Scale (SES) [31] designed
to ask these questions around rehabilitation physiotherapy
exercises rather than general exercise intention. This is a
5-item questionnaire using a 4-point Likert scale.
Technical and Usage Outcomes
Usage logs for the TKR platform (app, activity tracker, and
Web portal) will be gathered and analyzed to help understand
technology uptake and feature usage by patients and clinicians.
Correlations and dependencies between usage and outcomes
will be evaluated. Self-reported compliance with physiotherapy
programs, content access, activity tracker data, and goal
achievements collected from the app will also be analyzed.
Health Economic Outcomes
The economic evaluation will assess the costs and benefits
accruing to both patients and service providers. It will also
consider broader economic impact such as impact on carers’
time, ability to work, and other health system costs (eg, visits
to general practitioners).
For service providers, we will estimate the delivery costs of
group or one-on-one classes that deliver physiotherapy intended
for self-guided physiotherapy including staff time, space, and
equipment costs. Each trial site will complete a health care
provider audit form for this purpose. Further to this, we will
note the time taken to review patient data through the TKR
clinical Web portal, time taken on patient phone calls, etc.
For patients and their carers, we focus on the direct and indirect
costs, such as impact on work or spare time, various services
patients receive from the community, visits they make to see
their health care professional, visits related to any nonclinical
services, and an estimate of out-of-pocket expense. In most
cases patients will not be asked to estimate monetary costs as
these are highly variable and often subsidized (eg, by
government or health insurers). The research team will assign
generic costs to each activity or impact for the analysis. This
approach allows the costs and benefits to other stakeholders
such as government and health insurers to also be compared
across the 2 treatment groups.
Interview Participants
Using a maximum variation sampling [32] technique,
intervention group patients (n=20), carers (n=10), and
surgeons/physiotherapists (n=10) will be recruited by the site
POs with guidance from the CTC for interview. Previous
experience suggests that theoretical saturation will be reached
with these numbers and a pool of diverse participants will be
identified. Patient diversity will focus on gender, age (over 18
years only), TKR experience, education level, and private versus
public health care. Carer sampling will target spouses, children,
and friends of patients, with a balance of gender and age. All
participating clinicians will be invited for interview by a
researcher.
Interviews will be semistructured. Interviews will be
audiorecorded and transcribed and analyzed using NVivo (QSR
International) software. Interviews with patients and carers will
focus on technology acceptance, their experience with the app,
and what features they liked and disliked. Interviews with
surgeons and physiotherapists will focus on features of the
clinical Web portal and the usefulness of the portal for
monitoring patients postoperatively.
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Inclusion criteria for carers include the following: be the person
who is nominated as the primary carer after hospital discharge
of a patient participating in the TKR study from the intervention
group (ie, using the app and activity tracker), be sufficiently
healthy to not be adversely affected by the participation in the
interview or study, and have the willingness to participate in
the study and be interviewed. Clinicians must have provided
care to at least 1 patient participant in the TKR study to take
part in the interview.
Carers and clinicians participating in an interview will be sent
the information sheet and consent form by email or post,
separate from the ones used for patients. Paper-based consent
will be obtained in face-to-face interviews, and verbal consent
will be obtained for telephone interviews.
Estimated times for patient and carer interviews are 30 to 45
minutes, and estimated time for clinicians is 45 to 60 minutes.
Sample Size
The sample size is calculated based on the primary outcome (ie,
OKS), by considering 80% power (P=.05) with a 15% difference
in the control group and the intervention group. The standard
deviation within each group in the TKR trials can vary based
on factors such as number of trial sites (eg, single-center vs
multicenter) and heath care cover (eg, public patients vs private
patients). Furthermore, in a repeated measure scenario or when
considering multiple assessments within a trial (eg, baseline,
prehabilitation, 12 weeks rehabilitation, 12 months free living),
the correlation among repeated measures needs to be considered
as well. Based on these factors the sample size is presented in
Table 2 for a variety of scenarios. A low subject variation can
be expected with participants when considering only 1 trial site
or 1 type of health care cover (eg, public), and a high variation
can be expected when participants are mixed. A high correlation
in repeated measures can be expected for patients with big
differences in the outcome measure within the assessment points.
Table 2. Estimated sample size (with 20% loss) based on standard deviation (SD) within groups and correlation among baseline and 3 repeated measures
[80% power, P=.05, 15% difference].
High repeated correlation (SD 0.8)Mid repeated correlation (SD 0.5)Low repeated correlation (SD 0.2)SD within group/
correlation repeated measure
604631Low subject variation (SD 0.2)
360262170Mid subject variation (SD 0.5)
914674432High subject variation (SD 0.8)
We estimate that a total of 262 patient participants would be
sufficient for this study; however, we expect a maximum of 320
participants from the 5 trial sites based on their rate of TKR
surgeries during the trial timeline. A minimum sample size of
100 is suggested for using OKS as the primary outcome measure
[33]. Based on the literature [1,7,34], 80% power (P=.05) with
a 15% difference in the control group and the intervention group
has been reported for primary outcome measure.
Statistical Analysis
Statistical data analysis will be performed using an
intention-to-treat approach. Mixed model analysis will be used
for continuous variables (primary and secondary outcomes)
measured at week 0, week 12, and week 52 for those receiving
the TKR platform compared with usual care by time effects.
Fixed effects will be included for the intervention, the time
points, and the interaction between the 2 variables. These models
will also account for relevant covariates such as baseline (4
weeks before surgery) measures, participant sex, baseline levels
of motivation, etc. These covariates will be entered as fixed
effects. Due to potential confounding effects between different
hospitals, these will be also assessed in the mixed model as
random effects. Sensitivity analysis will be used to assess the
impact of these covariates before the final model is constructed.
Other outcome measures of app usage, self-management (eg,
physical activity), and compliance with the program (eg,
physiotherapy exercise) will be analyzed using logistic or
conditional logistic regression to adjust the comparisons for
other variables for categorical or ordinal variables and multiple
regression for continuous variables. All statistical analysis will
be done using Excel (Microsoft Corp), R (R Foundation), or
SPSS (IBM Corp).
Timelines
It is intended that the total study will run for 24 months. This
is subject to patient (ie, participants) recruitment. Data capture
pertaining to each patient is required for 13 months. Figure 4
presents the expected timeline for this research.
Figure 4. Research timelines.
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Results
This research is being conducted by CSIRO and cofunded by
commercial partner Johnson & Johnson Medical Australia. The
research protocol is approved by the CSIRO and Mater Health
Services human research ethics committees.
The development of the TKR platform is complete, and the
technology has been deployed for trial. The trial commenced
at Gosford Private Hospital in October 2016, and all other sites
are expected to come on board early in 2017 once training of
relevant trial site staff (ie, POs, surgeons, physiotherapists,
fellows) is complete.
Discussion
Variations in the provision of care by health care providers,
rising health care costs, and the increased uptake of TKR surgery
have recently contributed to the need to ensure that TKR is
effective, efficient, and safe as this can have a significant impact
on patient satisfaction, medical costs, and access to health care
service [35,36]. Rehabilitation programs after TKR surgery are
designed to assist in recovery, restoring functional independence
through physiotherapy programs and other interventions
supporting the process. The programs have been popular in
Western countries with both inpatient and outpatient settings.
It is evident that rehabilitation programs are costly and mostly
accessed by private health care patients. Patients generally have
the option of inpatient or outpatient rehabilitation after TKR.
Inpatient rehabilitation clinics are only available in large
metropolitan areas and because of the cost only an option for
private insured patients [37]. Outpatient rehabilitation usually
commences immediately after hospital discharge, which
provides supervised (ie, one-on-one or group) exercises to the
patients by a physiotherapist and is completed within 6 to 8
weeks after TKR surgery [7,38]. Outpatient rehabilitation has
a large component of self-managed exercise at home.
Compliance with in-home exercise is a recognized challenge in
physiotherapy [39]. Compliance with rehabilitation
physiotherapy after TKR is dependent on motivation or
self-determination [18].
Our study will test whether a digital orthopedic rehabilitation
platform comprising a smartphone-based program with a
wearable activity tracking device and a clinical Web portal
where clinicians monitor patients can assist TKR patients and
their carers in the TKR journey. The proposed platform will
provide flexibility, particularly in rural, remote, or busy
lifestyles, and has the potential to achieve the same clinical
outcomes as normal business as usual care.
Potential barriers to participant adaptation of the intervention
may include a lack of technology/eHealth literacy for the
targeted age group, contributing to the unwillingness to continue
using the app and the wearable activity tracker. The trial is a
research project rather than a new health service. It requires
clinicians and POs at trial sites to help participants follow the
protocol while integrating the intervention into their usual care
model.
 
Acknowledgments
The project is cofunded by Johnson & Johnson Medical Devices Australia and CSIRO. The commercial partner, Johnson &
Johnson Medical Devices Australia, has engaged CSIRO to conduct this research on their behalf and has approved the manuscript
for publication. We thank Angela Coble, Ben Travers, Julian Ryall, and Nathan Edgington from Johnson & Johnson Medical
Devices Australia for their input and contribution.
Conflicts of Interest
None declared.
Multimedia Appendix 1
Questionnaires (i.e. instruments) and interview questions.
[PDF File (Adobe PDF File), 166KB - resprot_v6i3e32_app1.pdf ]
References
1. Han Annie S Y, Nairn L, Harmer A, Crosbie J, March L, Parker D, et al. Early rehabilitation after total knee replacement
surgery: a multicenter, noninferiority, randomized clinical trial comparing a home exercise program with usual outpatient
care. Arthritis Care Res (Hoboken) 2015 Feb;67(2):196-202 [FREE Full text] [doi: 10.1002/acr.22457] [Medline: 25220488]
2. NSW Agency for Clinical Innovation. NSW Evidence Review: Preoperative, perioperative and postoperative care of elective
primary total hip and knee replacement. 2012. URL: https://www.aci.health.nsw.gov.au/__data/assets/pdf_file/0020/172091/
EJR-Evidence-Review.PDF [accessed 2017-02-16] [WebCite Cache ID 6oKFybg2Y]
3. Graves S. Hip and Knee Arthroplasty: Annual Report.: Australian Orthopaedic Association; 2015. URL: https://aoanjrr.
sahmri.com/documents/10180/217745/Hip%20and%20Knee%20Arthroplasty [accessed 2017-02-20] [WebCite Cache ID
6oP8sAoYJ]
JMIR Res Protoc 2017 | vol. 6 | iss. 3 | e32 | p.10http://www.researchprotocols.org/2017/3/e32/
(page number not for citation purposes)
Hussain et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
4. Mak JCS, Fransen M, Jennings M, March L, Mittal R, Harris IA, National Health and Medical Research Council (NHMRC)
of Australia. Evidence-based review for patients undergoing elective hip and knee replacement. ANZ J Surg 2014
Mar;84(1-2):17-24. [doi: 10.1111/ans.12109] [Medline: 23496209]
5. Crowninshield RD, Rosenberg AG, Sporer SM. Changing demographics of patients with total joint replacement. Clin
Orthop Relat Res 2006 Feb;443:266-272. [doi: 10.1097/01.blo.0000188066.01833.4f] [Medline: 16462450]
6. Dixon T, Shaw M, Ebrahim S, Dieppe P. Trends in hip and knee joint replacement: socioeconomic inequalities and projections
of need. Ann Rheum Dis 2004 Jul;63(7):825-830 [FREE Full text] [doi: 10.1136/ard.2003.012724] [Medline: 15194578]
7. Lin C, March L, Crosbie J, Crawford R, Graves S, Naylor J, et al. Maximum recovery after knee replacement—the MARKER
study rationale and protocol. BMC Musculoskelet Disord 2009 Jun 17;10:69 [FREE Full text] [doi: 10.1186/1471-2474-10-69]
[Medline: 19534770]
8. Wells VM, Hearn TC, McCaul KA, Anderton SM, Wigg AER, Graves SE. Changing incidence of primary total hip
arthroplasty and total knee arthroplasty for primary osteoarthritis. J Arthroplasty 2002 Apr;17(3):267-273. [Medline:
11938500]
9. McKay C, Prapavessis H, Doherty T. The effect of a prehabilitation exercise program on quadriceps strength for patients
undergoing total knee arthroplasty: a randomized controlled pilot study. PM R 2012 Sep;4(9):647-656. [doi:
10.1016/j.pmrj.2012.04.012] [Medline: 22698852]
10. Topp R, Swank AM, Quesada PM, Nyland J, Malkani A. The effect of prehabilitation exercise on strength and functioning
after total knee arthroplasty. PM R 2009 Aug;1(8):729-735. [doi: 10.1016/j.pmrj.2009.06.003] [Medline: 19695525]
11. Mahomed NN, Liang MH, Cook EF, Daltroy LH, Fortin PR, Fossel AH, et al. The importance of patient expectations in
predicting functional outcomes after total joint arthroplasty. J Rheumatol 2002 Jun;29(6):1273-1279. [Medline: 12064846]
12. Hamilton DF, Lane JV, Gaston P, Patton JT, Macdonald D, Simpson AHRW, et al. What determines patient satisfaction
with surgery? A prospective cohort study of 4709 patients following total joint replacement. BMJ Open 2013 Apr;3(4)
[FREE Full text] [doi: 10.1136/bmjopen-2012-002525] [Medline: 23575998]
13. McDonald S, Hetrick S, Green S. Pre-operative education for hip or knee replacement. Cochrane Database Syst Rev
2004(1):CD003526. [doi: 10.1002/14651858.CD003526.pub2] [Medline: 14974019]
14. Chan EY, Blyth FM, Nairn L, Fransen M. Acute postoperative pain following hospital discharge after total knee arthroplasty.
Osteoarthritis Cartilage 2013 Sep;21(9):1257-1263 [FREE Full text] [doi: 10.1016/j.joca.2013.06.011] [Medline: 23973139]
15. Artz N, Elvers K, Lowe C, Sackley C, Jepson P, Beswick A. Effectiveness of physiotherapy exercise following total knee
replacement: systematic review and meta-analysis. BMC Musculoskelet Disord 2015 Feb 07;16:15 [FREE Full text] [doi:
10.1186/s12891-015-0469-6] [Medline: 25886975]
16. Mahomed N, Davis A, Hawker G, Badley E, Davey J, Syed K, et al. Inpatient compared with home-based rehabilitation
following primary unilateral total hip or knee replacement: a randomized controlled trial. J Bone Joint Surg Am 2008
Aug;90(8):1673-1680. [doi: 10.2106/JBJS.G.01108] [Medline: 18676897]
17. Lowe CJM, Barker KL, Dewey M, Sackley CM. Effectiveness of physiotherapy exercise after knee arthroplasty for
osteoarthritis: systematic review and meta-analysis of randomised controlled trials. BMJ 2007 Oct 20;335(7624):812 [FREE
Full text] [doi: 10.1136/bmj.39311.460093.BE] [Medline: 17884861]
18. Campbell R, Evans M, Tucker M, Quilty B, Dieppe P, Donovan J. Why don't patients do their exercises? Understanding
non-compliance with physiotherapy in patients with osteoarthritis of the knee. J Epidemiol Community Health 2001
Feb;55(2):132-138 [FREE Full text] [Medline: 11154253]
19. Deci E, Ryan R. Intrinsic Motivation and Self-Determination in Human Behavior. New York: Plenum; 1985.
20. Seligman M. Authentic Happiness: Using the New Positive Psychology to Realize your Potential for Lasting Fulfillment.
New York: Simon and Schuster; 2004.
21. Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory. Upper Saddle River: Prentice-Hall,
Inc; 1986.
22. Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From theory to intervention: mapping theoretically derived
behavioural determinants to behaviour change techniques. Appl Psychol 2008;57(4):660-680. [doi:
10.1111/j.1464-0597.2008.00341.x]
23. Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of patients about total knee replacement. J
Bone Joint Surg Br 1998 Jan;80(1):63-69 [FREE Full text] [Medline: 9460955]
24. Brazier J, Harper R, Jones N, O'Cathain A, Thomas K, Usherwood T, et al. Validating the SF-36 health survey questionnaire:
new outcome measure for primary care. BMJ 1992 Jul 18;305(6846):160-164 [FREE Full text] [Medline: 1285753]
25. Juhl C, Lund H, Roos E, Zhang W, Christensen R. A hierarchy of patient-reported outcomes for meta-analysis of knee
osteoarthritis trials: Empirical evidence from a survey of high impact journals. Arthritis 2012;2012. [doi:
10.1155/2012/136245.PMC3389647]
26. Norkin C, White D. Measurement of Joint Motion: A Guide to Goniometry. Philadelphia: FA Davis; 2003.
27. Henry JD, Crawford JR. The short-form version of the Depression Anxiety Stress Scales (DASS-21): construct validity
and normative data in a large non-clinical sample. Br J Clin Psychol 2005 Jun;44(Pt 2):227-239. [doi:
10.1348/014466505X29657] [Medline: 16004657]
JMIR Res Protoc 2017 | vol. 6 | iss. 3 | e32 | p.11http://www.researchprotocols.org/2017/3/e32/
(page number not for citation purposes)
Hussain et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
28. Dishman RK, Ickes W. Self-motivation and adherence to therapeutic exercise. J Behav Med 1981 Dec;4(4):421-438.
[Medline: 7338896]
29. Brewer B, Van Raalte J, Cornelius A, Petitpas A, Sklar J, Pohlman M, et al. Psychological factors, rehabilitation adherence,
and rehabilitation outcome after anterior cruciate ligament reconstruction. Rehabilitation Psychology 2000;45(1):20-37.
[doi: 10.1037/0090-5550.45.1.20]
30. Sheldon K, Kasser T. Pursuing personal goals: skills enable progress, but not all progress is beneficial. Personality Soc
Psychol Bull 1998 Dec 01;24(12):1319-1331. [doi: 10.1177/01461672982412006]
31. Schwarzer R, Renner B. Health-specific self-efficacy scales. Freie Universität Berlin 2009.
32. Coyne IT. Sampling in qualitative research. Purposeful and theoretical sampling; merging or clear boundaries? J Adv Nurs
1997 Sep;26(3):623-630. [Medline: 9378886]
33. Murray DW, Fitzpatrick R, Rogers K, Pandit H, Beard DJ, Carr AJ, et al. The use of the Oxford hip and knee scores. J
Bone Joint Surg Br 2007 Aug;89(8):1010-1014 [FREE Full text] [doi: 10.1302/0301-620X.89B8.19424] [Medline: 17785736]
34. Moffet H, Collet J, Shapiro S, Paradis G, Marquis F, Roy L. Effectiveness of intensive rehabilitation on functional ability
and quality of life after first total knee arthroplasty: A single-blind randomized controlled trial. Arch Phys Med Rehabil
2004 Apr;85(4):546-556. [Medline: 15083429]
35. Bourlioufas N. Orthopaedic joint replacement surgery rates jump in developed nation as populations age: The benefits
speak for themselves. 2016. URL: http://www.asos.org.au/
orthopedic-surgery-rates-jump-in-developed-nation-as-populations-age.html [accessed 2017-02-16] [WebCite Cache ID
6oKIZ8Wmn]
36. Losina E, Thornhill T, Rome B, Wright J, Katz J. The dramatic increase in total knee replacement utilization rates in the
United States cannot be fully explained by growth in population size and the obesity epidemic. J Bone Joint Surg Am 2012
Feb 01;94(3):201-207 [FREE Full text] [doi: 10.2106/JBJS.J.01958] [Medline: 22298051]
37. Buhagiar M, Naylor J, Harris I, Xuan W, Kohler F, Wright R, et al. Hospital Inpatient versus HOme-based rehabilitation
after knee arthroplasty (The HIHO study): study protocol for a randomized controlled trial. Trials 2013 Dec 17;14:432
[FREE Full text] [doi: 10.1186/1745-6215-14-432] [Medline: 24341348]
38. Naylor J, Harmer A, Fransen M, Crosbie J, Innes L. Status of physiotherapy rehabilitation after total knee replacement in
Australia. Physiother Res Int 2006 Mar;11(1):35-47. [Medline: 16594314]
39. Jack K, McLean S, Moffett J, Gardiner E. Barriers to treatment adherence in physiotherapy outpatient clinics: a systematic
review. Man Ther 2010 Jun;15(3):220-228 [FREE Full text] [doi: 10.1016/j.math.2009.12.004] [Medline: 20163979]
Abbreviations
CSIRO: Commonwealth Scientific and Industrial Research Organization
CTC: clinical trial coordinator
DASS21: Depression, Anxiety, and Stress Scale
OKS: Oxford Knee Score
PO: project officer
RCT: randomized controlled trial
ROM: range of motion
SDQ: Self-Determination Questionnaire
SES: Self-Efficacy Scale
SF-36: Short-Form Health Survey
SMI: Self-Motivation Inventory
TKR: total knee replacement
Edited by G Eysenbach; submitted 19.08.16; peer-reviewed by N Bashi, E Karasouli, Q Wang; comments to author 04.10.16; revised
version received 21.12.16; accepted 08.02.17; published 01.03.17
Please cite as:
Hussain MS, Li J, Brindal E, van Kasteren Y, Varnfield M, Reeson A, Berkovsky S, Freyne J
Supporting the Delivery of Total Knee Replacements Care for Both Patients and Their Clinicians With a Mobile App and Web-Based
Tool: Randomized Controlled Trial Protocol
JMIR Res Protoc 2017;6(3):e32
URL: http://www.researchprotocols.org/2017/3/e32/ 
doi:10.2196/resprot.6498
PMID:28249832
JMIR Res Protoc 2017 | vol. 6 | iss. 3 | e32 | p.12http://www.researchprotocols.org/2017/3/e32/
(page number not for citation purposes)
Hussain et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
©M Sazzad Hussain, Jane Li, Emily Brindal, Yasmin van Kasteren, Marlien Varnfield, Andrew Reeson, Shlomo Berkovsky, Jill
Freyne. Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 01.03.2017. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.researchprotocols.org, as well as this copyright and license information must be included.
JMIR Res Protoc 2017 | vol. 6 | iss. 3 | e32 | p.13http://www.researchprotocols.org/2017/3/e32/
(page number not for citation purposes)
Hussain et alJMIR RESEARCH PROTOCOLS
XSL•FO
RenderX
